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Purpose: Currently no randomized studies how the relative morbidity and mortality of the 
open and endoluminal methods of abdominal aortic aneurysm (AAA) repair. The aim of 
this study was to analyze the outcome of two matched groups of patients with AAA, one 
undergoing open repair and the other undergoing endoluminal repair. 
Methods: Two groups of patients who had undergone repair of AAA by open technique 
(group 1) or by endoluminal methods (group 2) were compared. A historic ontrol cohort 
of 27 patients was selected from 56 consecutive patients who underwent open repair of 
AAA between January 1991 and February 1992. Patients considered unsuitable for the 
endoluminal method on the basis of computed tomography and aortography were 
excluded (n = 29). Between May 1992 and November 1994 prospective data were 
recorded for 62 consecutive patients who underwent endoluminal repair by tube or 
bifurcated endografts. Twenty-eight patients who had been specifically referred for 
endoluminal AAA repairs because of preexisting severe medical comorbidities were 
excluded. Six of the endoluminal c ses had failure, requiring conversion to open operation, 
and were excluded for separate analysis, leaving 28 patients in group 2. Patients in both 
groups were thus fit and suitable for either open or endoluminal repair and were 
comparable in relation to age, sex, risk factors, dimensions, and form of AAA. 
Results. The mean values for operation time, blood loss, intensive care stay, and hospital 
stay for group i and group 2 were 2.6 versus 3.1 hours, 1422 versus 873 ml,* 1.8 versus 
0.7 days,* and 12.4 versus 11.1 days, respectively (*p < 0.05). Local/vascular complica- 
tions occurred in 15% of patients in group I compared with 25% in group 2 (p = 0.55), 
whereas remote/systemic complications occurred in 37% and 29%, respectively (p = 0.3). 
Five of 28 patients in the endoluminal group had complications requiring early operative 
repair (n = 3) or late revision (n = 2). When comparison was made on an intention-to- 
treat basis (with failed procedures included), the incidence of local/vascular complications 
was significantly greater for endoluminal repair (p --- 0.047). 
Conclusions: The incidence of systemic/remote complications was similar for the two 
groups in spite of significantly less blood loss and shorter intensive care unit stay with 
endoluminal repair. The incidence of local/vascular complications had a tendency to be 
higher for endoluminal compared with standard open method (and was significantly 
greater if failed procedures were included). In this early experience with prototype devices, 
patients who were medically suitable for open surgical procedures did not derive benefit 
from the less invasive ndoluminal technique with respect to duration of operation, length 
of hospital stay, or perioperative morbidity and mortality. On the other hand, because they 
also did not have worse outcome, a randomized study is now justified in this group. 
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Transfemoral endoluminal graft repair of ab- 
dominal aortic aneurysm (AAA) is an attractive, less 
invasive management option for patients at high risk 
who may not survive conventional open repair. 
Numerous reports to date have established the 
feasibility and relative safety of various endoluminal 
devices and techniques in the treatment of AAA. and 
of selected peripheral aneurysms, aortic dissections, 
traumatic arteriovenous fi tulas, and atherosclerotic 
occlusive disease. >26 However, no studies have ex- 
amined the relative morbidity and mortality of the 
open and endoluminal methods of AAA repair. 
The initial enthusiasm for endoluminal grafting 
has been tempered somewhat by the realization that 
these cases can be extremely complex and that 
complications are frequent. In a previous tudy we 
found that the results of endoluminal grafting of 
aneurysms, were dependent on the morphologic 
condition of the aneurysm, with a higher incidence of 
complications being encountered in patients who had 
more complex aneurysms or tortuous iliac arteries 
used for transluminal ccess? 6 There is little argu- 
ment that endoluminal repair may legitimately be 
offered to selected patients at high risk who have 
favorable AAA morphologic condition, but the use 
of endoluminal technique for patients who are 
suitable for conventional surgical repair is more 
contentious. The aim of this study was to analyze the 
outcome of two similar groups of patients with AAA, 
one undergoing open repai r (group 1) and the other 
undergoing endoluminal repair (group 2). This 
analysis was constructed asa historic ontrol study of 
endoluminal versus open repair for patients who 
were judged suitable for both techniques. 
PATIENTS AND METHODS 
Two matched groups of patients who had under- 
gone repair of AAA by open technique (group 1) or 
by endoluminal methods (group 2) were selected by 
the criteria described in the following text. These 
selection criteria were designed to identify patients 
who were fit and suitable for aneurysm repair by both 
techniques and were applied to both groups in the 
study by a coauthor (T. M.) who had not been 
involved in the clinical process of selecting the 
method of aneurysm repair. 
Endoluminal repair group 
Prospective data were recorded for 62 consecu- 
tive patients who underwent endoluminal repair 
between May 1992 and Novcmber 1994 by.tube or 
bifurcated endografts after undergoing detailed im- 
aging by computed tomography (CT) and aortogra- 
phy. Patients who had been referred specifically for 
endoluminal repair because of extreme risk were 
excluded from this study, as were other patients with 
preexisting severe medical comorbidities. Table I lists 
the conditions in 28 excluded patients who had been 
considered unfit for open AAA repair. Most of these 
patients had been refused surgical treatment a other 
institutions. 
Six of the endoluminal procedures in fit patients 
failed for technical reasons and were converted imme- 
diately to open operation as required by our current 
protocol. Results for this subgroup of patients were 
analyzed separately, leaving 28 patients who had been 
candidates for either open or endoluminal repair 
available for outcome analysis in group 2. 
Open repair group 
A historic ontrol cohort of patients was selected 
by the following methods. Between January 1991 
and February 1992, 56 consecutive patients had open 
repair of AAA. On the basis of CT scans and 
aortograms reviewed retrospectively, 29 were con- 
sidered unsuitable for operation by the endoluminal 
method and were excluded (Tables II and III), 
leaving 27 patients who would potentially have been 
candidates for both open and endoluminal repair of 
their AAA in group 1. 
Patients in both groups were thus considered fit 
and suitable for either open or endoluminal repair 
and were found to be comparable in relation to age, 
sex, risk factors, dimensions, and morphologic con- 
dition as described in Table IV. In spite of the 
exclusion criteria, it can be seen from this Table that 
the comorbidity remained quite significant in the 
included groups, with greater than 50% of both 
groups having ischemic heart disease or chronic 
airways limitation. 
The factors analyzed for each group were oper- 
ating time, operative blood loss, type and dimensions 
of graft used, duration of intensive care admission 
required, duration of hospital stay , and incidence and 
severity of complications. Blood loss was calculated 
from records of cell-saver salvage, suction bottles, and 
sponge weighing. Duration of hospital stay was 
calculated from the day before operation. These data 
were collected prospectively for the endoluminal 
group and retrospectively forthe open repair group. 
Morbidity and mortality were analyzed for 
both groups according to the recommendations of 
the Ad Hoc Committee on Reporting Standards for 
arterial aneurysms, with complications being listed 
in two categories as either local/vascular or re- 
mote/systemic. 27,2s 
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Table I. Patients excluded from group 2 
Condition No. of patients 
Severe cardiac disease (ASA stage 3b 15 
or 4) 
Severe respiratory disease 5 
Liver failure, cirrhosis 2 
Hostile abdomen 5 
Chronic renal failure 1 
Severe medical comorbidity in28 patients rendered them unfit for 
open repair. 
ASA, American Society of Anesthetists. 
Table II. Anatomic selection criteria for 
endoluminal grafting in this study 
Proximal aneurysm neck -> 15 mm length 
Proximal aneurysm neck _< 28 mm diameter 
Angulation at the proximal neck < 75 ° 
Iliac artery _> 7 mm diameter 
Absence of severe tortuosity of the iliac artery 
No accessory renal artery or patent mesenteric artery 
arising from the aneurysm sac 
Patients were excluded from the historic ontrol group (group 1) 
if the morphologic condition of their abdominal ortic aneurysm 
did not meet hese criteria. 
Separate analysis of the same outcome parameters 
was also made for the subsets of transfemoral 
endoluminal procedures (in comparison with those 
done via iliac access) and for the total group of 
endoluminal cases selected on an intention-to-treat 
basis (i.e., including the six cases excluded from 
group 2 because of failed procedures that were 
electively converted immediately to open repair). 
Technique of open aneurysm repair (group 1) 
Conventional techniques of AAA repair via mid- 
line transperitoneal approach with the patients under 
general anesthesia were used. These included routine 
use of prophylactic antibiotics, systemic heparin 
anticoagulation (5000 U intravenously) atthe time 
of cross-clamping, and postoperative ntilation and 
monitoring in an intensive care unit. Tube graft 
replacement of the infrarenal aorta was preferred 
(n = 22) except for patients who were considered to
require a bifurcated graft because of associated 
aneurysms or occlusive disease of the iliac vessels 
(n = 5). Albumin-coated knitted Dacron grafts 
(C.R. Bard, Inc., Haverhill, Mass.) were used in all 
patients. 
Technique of endoluminal aneurysm repair 
(group 2) 
This program of endoluminal grafting has been 
approved by the institutional research review board 
and ethics committee. Informed consent was ob- 
tained from each patient after the techniques, risks, 
and possible complications were discussed in detail. 
Endoluminal aneurysm repair was performed in 
the operating room in all 28 patients. General anes- 
thesia was used in 23 and epidural anesthesia n 5. 
Patients were prepped and draped so that conversion 
to open surgical procedure was available as a backup 
procedure in case of failed endoluminal technique or 
the occurrence of serious complications. The EVT 
Endograft (Endovascular Technologies, Menlo Park, 
Calif.) was used in 8 patients (tube graft in 7 and 
bifurcated configuration i 1), 8'9'1a the White-Yu en- 
doluminal graft system in 19, a'19 and the Chuter bi- 
furcated graft in 1.1°,11 The graft design was a tube in 
22 patients and aorto-iliac or bifurcated in 6. 
Prophylactic antibiotics were administered at the 
time of induction of anesthesia. All patients un- 
derwent anticoagulation with 5000 U heparin ad- 
ministered intravenously after the access artery was 
exposed and the initial guidewire was inserted. 
Monitoring of the anticoagulation status was not 
used. 
The surgical techniques for each type of endolu- 
minal graft used in this study have previously been 
described in detail. 2,3,sa°,na9 All cases were per- 
formed via surgical exposure of the access artery 
(common femoral or common iliac). Two patients 
had bifurcated endoluminal grafts implanted. Retro- 
peritoneal access to the iliac artery was used in 5 
patients (for implantation of an aorto-iliac endolu- 
minal graft in 3 cases or an aorto-aortic tube 
endoluminal graft in 2 cases) of the total of 19 who 
had White-Yu endoluminal graft system in this 
study. 2,a Fluoroscopic monitoring was used in all 
cases, with adjunctive imaging by intravascular ultra- 
sonography (n = 5) in selected cases. A summary of 
the essential steps is given below. 
Transfemoral approach (tube graft, n = 21; 
bifurcated graft, n = 2). Remote retrograde access 
to the aorta was initially gained via a guidewire 
advanced from an 8F hemostatic angiographic sheath 
in the common femoral artery. On-table aortography 
was performed with a 7F angiographic atheter 
calibrated by radio-opaque markers at i cm intervals 
to determine the position of the renal arteries and the 
aortic bifurcation and to confirm the length and 
diameter ofendoluminal graft required (as previously 
determined from the preoperative aortography and 
CT studies). The graft access sheath was next 
introduced and the endoluminal graft or grafts 
deployed. For bifurcated grafts surgical approach to 
both femoral arteries was used, with the limbs of the 
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Table III. Exclusion criteria for 26 of 53 
patients from the historic control group 
(open repair, group 1) 
No. of patients 
Condition (%) 
Proximal neck unsuitable 16 (64) 
Angulation at the proximal 3 (12) 
neck 
Tortuous iliac arteries 3 (12) 
Ifiac artery _< 7 mm diameter 2 (8) 
Accessory renal artery 1 (4) 
Renal transplant at risk 1 (4) 
Eleven (73%) of 15 women and 15 (43%) of 38 men were 
classified as unsuitable for endoluminal repair for these reasons. 
graft being lodged in the common iliac artery on each 
side. The graft access sheath was 24F internal 
diameter in 24 patients, 20F internal diameter in 3, 
and 18F in 1. 
A completion on-table aortogram was obtained 
before the access heath was removed and the femoral 
arteriotomy was closed. The images were inspected 
carefully for any indication of twists or kinks of the 
graft wall or blood flow within the aneurysm sac, 
which would be evidence of an incomplete seal 
between the endoluminal graft and the aortic wall. 
Maintained patency of the renal and iliac arteries was 
also confirmed. 
Iliac approach (n = 5). When the femoral or 
external iliac arteries were too narrow or tortuous to 
permit safe insertion of the graft access sheath, 
retroperitoneal exposure and access to the common 
iliac artery via a lower abdominal wall curved incision 
was used. In these cases a conduit graft was initially 
sutured to the common iliac artery as previously 
described, and this conduit was used for subsequent 
passage of the sheath into the arterial system. 2 A 24F 
sheath was used in each case in which retroperitoneal 
access was required. 
Postoperative management 
At the completion of the procedure a decision was 
made as to whether the patient required admission to 
the intensive care unit or could be safely returned to 
the vascular surgery ward. This decision was based on 
clinical grounds including the hemodynamic re- 
sponses to the procedure, length of operation, blood 
loss, and intraoperative complications. 
In addition to completion angiography, all pa- 
tients in the endoluminal group were studied by 
duplex scan and contrast-enhanced CT of the aorta 
before being discharged from the hospital. Predis- 
charge angiography was obtained selectively. 
Costs, quality of life, and long-term outcome 
data apart from mortality were not included in this 
study. All patients .are being monitored to detect 
major differences in late outcome, should they 
occur. 
Statistical analysis 
Differences in means were tested with an un- 
paired t test for independent continuous variables. 
Differences in proportion were tested by ×2 test with 
Yates correction factor as a Fisher exact est when one 
cell had less than five patients or variables. Because of 
the wide distribution of parameters, differences in 
median values were analyzed with the Mann-Whimey 
test. 
RESULTS 
Features of patient and operative data and com- 
plications encountered in each group are presented in
Tables V, VI, VII, and VIII and are summarized in 
Tables IX and X. 
Group I (open repair) 
In the open repair group 22 tube grafts and 5 
bifurcated grafts were used. One perioperative death 
occurred; it happened on the second postoperative 
day and was caused by cardiac failure. Twelve of the 
27 patients in this group had a total of 14 compli- 
cations (Tables V and VII). 
Local/vascular complications occurred in four 
patients. These were impaired perfusion of one 
kidney (renal artery clamp damage, n = 1), throm- 
bosis of left common lilac artery (n = 1), thrombosis 
of left common femoral artery (n -- 1), and wound 
dehiscence (n = 1). 
Reimplantation of a large diameter inferior rues- 
enteric artery was done prophylactically in one case 
as a precaution against bowel ischemia; this pro- 
cedure was not regarded as a complication in the 
analysis. 
Remote/systemic complications occurred in 10 
patients. These were deep venous thrombosis and 
pulmonary embolus (n = 1), cardiac failure with 
pulmonary edema (n = 1), first-degree heart block 
(n = 1), renal failure (n = 3, acute in two patients 
and chronic renal failure associated with sepsis in 
one), transient cerebral ischemic attacks (n = 1), 
myocardialinfarction (n = 1), and respiratory failure 
(n = 2; one caused by vocal cord injury and supra- 
glottic edema). 
Two members of the group had both local and 
remote complications, leaving 15 (55%) patients 
who were free of any complication. 
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Table IV. Characteristics of patients elected in each group 
Group 1 (n = 27) Group 2 (n = 28) p 
Mean age (yr) 68.7 69 NS 
Sex (M/F) 23 : 4 24 : 4 NS 
Maximum diameter AAA (mean in cm) 5.5 5.2 NS 
Ischemic heart disease (%) 15 (56) 13 (46) NS 
Hypertension (%) 8 (30) 5 (18) NS 
Pulmonary disease (%) 4 (15) 3 (11) NS 
Diabetes mellitus (%) 2 (7) 3 (11) NS 
Chronic renal failure (%) 0 (0) 3 (11) NS 
Current smoker (%) 7 (26) 6 (22) NS 
M, Male; F, female; AAA, abdominal aortic aneurysm; NS, not significant. 
Group 2 (endoluminal repair) 
In the endoluminal repair group 21 patients had 
tube grafts inserted via transfemoral route, 1 patient 
had tube graft inserted via iliac artery access, 4 had 
iliac artery access for aorto-iliac graft (with or without 
distal crossover graft), and 2 had bifurcated grafts. A 
mean of 178 ml of contrast media was used in these 
cases. No perioperative deaths occurred, but three 
unrelated late deaths have occurred in this group as 
the result of liver carcinoma (at 7 months), ruptured 
esophagus (6 months), and cerebrovascular accident 
(5 months). 
Twelve of the 28 patients in this group had a total 
of 17 complications (Tables VI and VII). Of these, 
major complications resulted in late conversion to 
open repair in two patients. 
The local/vascular complications encountered 
with endoluminal repair were iliac artery trauma in 
two patients (both requiring immediate operative 
repair), incomplete exclusion of the aneurysm sac in 
two cases, graft overlap of the renal artery orifice in 
one patien t with horseshoe kidney, and groin wound 
complications in four patients (a total of five major 
' and four minor complications in seven patients). 
Remote/systemic complications occurred in eight 
patients. These were myocardial infarction (n = 1), 
atrial fibrillation (n = 2), cerebrovascular accident 
(n -- 1), lobar atelectasis (n = 1), urinary retention 
caused by prostatic disease (n = 2), and acute renal 
failure (n = 1) caused by graft overlap of the renal 
arteries as described previously. Exposure to contrast 
medium did not result in renal impairment in any 
patients. Sixteen (57%) patients in this group were 
free of complications. 
Nine patients in group 2 did not require admis- 
sion to the intensive care unit at any time during their 
admission. The mean duration of intensive care 
admission was 0.7 days for endoluminal repair com- 
pared with 1.8 days for open repair (p < 0.05). 
Comparison of outcome 
No significant differences were seen in the mean 
duration of operation, incidence of remote/systemic 
complications, or length of hospital stay between the 
open repair and endoluminal groups (Tables IX and 
X), Blood loss was less after endoluminal repair than 
after open repair (p < 0.05). The incidence of local 
complications was more frequent in the endoluminal 
group, but this difference did not reach statistical 
significance. The mean diameter of graft used for 
open repair was 19.2 mm compared with 22.4 mm 
for endoluminal grafts. 
Outcome for subgroups 
Transfemoral access. For all transfemoral en- 
doluminal tube graft procedures (n = 21), the mean 
operative time, blood loss, and length of hospital stay 
were 2.72 hours, 724.5 ml, and 10.2 days, respec- 
tively. 
When the 18 successful transfemoral procedures 
only were considered (i.e., exclusion of cases with 
procedural complications requiring surgical correc- 
tion), the mean operative time, blood loss, and lefigth 
of stay were further educed to 2.39 hours, 410.5 ml, 
and 8.9 days, respectively. These compared favorably 
with the corresponding mean values for open repair 
of 2.6 hours, 1422 ml, and 12.4 days. 
For transfemoral implantation of bifurcated 
grafts (n = 2), the average operative time was 
3.5 hours, blood loss 600 ml, and length of 
stay 26 days. This figure for length of stay was 
skewed by the 40-day hospitalization of one pa- 
tient who required prolonged hospitalization be- 
cause of cardiac instability and severe wound in- 
fection. 
Iliac artery access. For the five cases performed 
by retroperitoneal iliac approach, the mean operative 
time was 3.9 hours, blood loss 1220 ml, and length 
of stay 11 days. 
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Table V. Open repair (group 1) 
Time Blood loss 
No. Age (yr) Dia. AAA Graft Dia graft (hr) (ml) Days Local Remote 
1 75 6.0 T 20  3.5 4000 16 - DVT;PE  
2 71 4.8 T 20 2.5 600  11 - - 
3 64  4.8 T 20 2.5 1100 14 - - 
4 85 7.5 T 20 3.0 1000 2* - CCF/Pu lmonary  
edema 
5 62  4.5 B 18 2.0 1000 16 - - 
6 66  4.3 T 20  2.0 250 8 - - 
7 66 5.5 T 22  2.0 3000 14 - - 
8 64  4 .0  T 20  2.0 1500 7 - - 
9 66 4.5 T 20 2.0 1000 8 -- 1 ° Heart block 
10 67  8.5 T 18 1.75 1300 10 - - 
11 65 4.0  T 20 2.5 1550 10 Trauma left RA Acute renal failure 
12 69  6.0 T 18 3.5 5000 13 Occlusion left CFA TIAs 
13 80 5.0 T 18 1.5 400  13 - Pneumonia, 
hypoxia  
14 71 4.5 T 20  2.0 1800 13 (re implant  IMA)  - 
15 65 5.4 T 18 2.0 1300 12 - - 
16 66  4.0  T 20 3.5 1500 13 - Acute renal failure 
17 59 6.0 B 18 5.0 1400 7 - - 
18 69  6.0 B 18 2.5 1000 11 Abdomen wound - 
dehescience 
19 80 7.0 T 20 2.0 1200 10 - - 
20 70 5.5 T 20 2.5 1500 8 - - 
21 68 6.5 T 20  3.0 1400 24  - Acute  MI  
22 69  5.5 T 20  2.0 2700 15 - - 
23 67  5.3 T 20 2.75 800 7 - - 
24 69  6.0 B 20  1.75 500 9 - - 
25 68 6.1 T 20 3.0 500  20  C IA  occlus ion - 
(cross-over graft) 
26 73 5.0 B 20  4.5 400  33 - Sepsis, CRF  
27  61 6.0 T 20 2.5 700 12 - Respiratory fail- 
ure, pneumonia 
AAA,  Abdominal aortic aneurysm; T, tube graft; B, bifurcated graft; C/A, common iliac artery; RA, renal artery; LMA, inferior mesenteric 
artery; DVT, deep venous thrombosis; PE, pulmonary embolism; CCF, congestive heart failure; T/A, transient ischemic attack; 21///, 
myocardial infarction; CRF, chronic renal failure. 
*Died day 2. 
Analysis of outcome by intention to treat 
With the addition to group 2 of the excluded 
six failed endoluminal cases that had been converted 
immediately to open repair, an increase in operation 
time and blood loss occurred, but no statistically 
significant changes occurred for the group in the 
mean outcome parameters studied apart from the 
incidence of local/vascular complications (total 
13 of 36 procedures), which was significantly 
greater for endoluminal repair (p = .047). 
This finding depends on defining conversion to 
open repair as a local complication rather than a 
planned backup maneuver. We have commenced a
separate study of the outcome for all patients who 
have had endoluminal procedures converted to open 
repair. 
Correction of major local/vascular complications 
of endoluminal repair 
Incomplete xclusion of the aneurysm sac ("leak") 
was due to failure to obtain a complete seal of the 
endoluminal graft at the distal neck, allowing reflux 
of blood into the sac; this problem was corrected by 
a second overlapping endograft in the two cases 
reported here. One of these patients later required 
open repair (7 months after implantation of the 
endograft) because of persistent leak and CT scan 
evidence of enlargement of the aneurysm sac. 
Perforation of the iliac artery was due to trauma 
caused by the relatively inflexible, 24F diameter 
access sheath. In both cases in which this trauma 
occurred, the complication was recognized during 
removal of the sheath (which had obstructed flow 
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Table VI. Endoluminal repair (group 2) 
No. Age (yr) Dia AAA Graft Dia graft Time (hr) Blood loss (ml) Days Local Remote 
1 74 5.0 T 22 2.5 300 7 - 
2 57 4.1 T 22 2.0 700 8 - 
3 60 4.0 T 25 2.5 800 9 - 
4 70 5.3 T 22 6.0 5000 28 CIA perforation, 
groin lymph 
leak 
5 53 4.0 T 20 1.5 150 6 - 
6 75 4.9 B 20 4 800 40 Groin infection 
7 80 4.0 T 20 3.5 400 7 - 
8 70 6.2 T 22 2.5 200 9 Incomplete seal 
9 62 5.5 A-I 22 3.5 1500 14 - 
10 71 4.8 T 22 2.0 700 15 - 
11 88 5.0 T 22 3.0 500 9 - 
12 63 5.0 T 16 2.0 500 5 - 
13 71 4.5 T 25 2.0 300 8 -- 
14 76 6.0 A-I 25 5.0 1000 11 - 
15 72 5.4 T 20 2.5 100 7 - 
16 78 7.0 T ~ 24 5.0 1700 18 Wound seroma 
17 73 4.5 T 25 2.5 800 6 - 
18 73 5.0 T 22 3.0 900 10 - 
19 73 4.2 T 22 3.0 1000 6 - 
20 79 6.0 T 25 3.5 400 10 Incomplete seal, 
groin lymph 
leak 
21 63 6.0 T 20 5.5 2000 16 CIA rupture 
22 77 4.7 T 22 2.5 500 9 - 
23 65 5.0 T 22 3.0 500 6 - 
24 64 4.1 A-I 22 2.0 800 8 - 
25 56 5.0 A-I 25 4.0 1100 11 - 
26 70 5.5 B 22 3.0 400 8 - 
27 71 5.6 T 22 2.0 250 7 - 
28 70 4.4 T 18 3.0 1150 12 RA occlusion 
n 
Atrial fibrillation 
Acute MI 
Urinary retention 
Urinary retention: 
TURP 
Atrial fibrillation 
Atelectasis 
CVA 
Atrial fibrillation 
A-I, Aorto-iliac graft; TURP, transurethral prostatectomy; CVA, cerebrovascular accident. 
~Tube graft by iliac access. 
and thus prevented significant bleeding up to that 
stage) and was immediately corrected by laparotomy 
and surgical repair. These two cases (patients 4 and 
21) accounted for the largest blood loss. Blood 
loss greater than 1000 ml otherwise occurred only 
in 'patients who had retroperitoneal iliac artery 
access. 
The one case of overlap of the renal artery 
orifices occurred in a patient with horseshoe kidney 
and was due to misinterpretation f the exact site 
of the renal arteries on the intraprocedural angio- 
gram. This problem also required correction by 
open repair 6 hours later. The aorta was cross- 
clamped above the renal arteries, and the aneurysm 
was repaired by conventional technique after the 
endoluminal graft was removed. The patient had a 
satisfactory ecovery after temporary compromise of 
renal function. 
DISCUSSION 
This is the first study that has attempted to 
compare outcome of endoluminal treatment ofAAA 
with that of a historic control group of open repair. 
The assumption that the patients were suitable for 
both treatments i  a key assumption that has been 
made. We have endeavored to match the two groups 
as fairly as possible; part of this selection process 
included excluding patients who had been specifically 
referred for endoluminal grafting on the grounds that 
they had been deemed unfit for open repair (most of 
the patients considered "unfit" had already been 
rejected for open repair at other major medical 
centers). Because the point of this study was to 
specifically examine the possible role of endoluminal 
grafting in patients who were not considered tobe at 
high risk, we believe that these xclusion criteria were 
appropriate. 
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Table VII. Complications for group 1 
(n = 27) 
Local/vascular 
Impaired perfusion of one kidney (renal artery damage) 
Occlusion left common iliac artery 
Occlusion of left common femoral artery 
Abdominal wound dehiscence 
Remote/systemic 
DVT; pulmonary embolus 
Cardiac failure; Pulmonary edema (n = 2) 
First-degree heart block 
Renal failure (n = 3) 
Transient cerebral ischemic attacks 
Myocardial infarction 
Vocal cord injury, Respiratory failure 
No complications occurred in 15 (55%). 
Table VIII. Complications for group 2 
(n = 28) 
Local/vascular 
Iliac artery trauma (n = 2) 
Incomplete xclusion of aneurysm sac (n = 2) 
Occlusion renal artery 
Groin incision wound infection 
Groin incision wound seroma/lymphocoele (n = 3) 
Remote/systemic 
Urinary retention (n = 2) 
Myocardial infarction 
CVA 
Atrial fibrillation (n = 2) 
Lung consolidation 
Acute renal failure 
No complications occurred in 16 (57%). 
CVA, Cerebrovascular ccident. 
The potential benefits of the endoluminal tech- 
nique include reduction of postoperative morbidity 
and pain, less compromise of gastrointestinal func- 
tion , earlier return to normal diet (because of the 
avoidance of peritoneal incision and handling of the 
bowel), improved respiratory function, earlier mo- 
bilization, and earlier return to normal activity. If 
these potential benefits are realized, asecondary gain 
of shorter hospital stay and lower costs should occur. 
Because the peritoneal cavity is not opened, a lower 
incidence of late adverse vents such as intestinal 
adhesions, bowel obstruction, and incisional hernia 
may be seen. 
There are currently two main schools of thought 
with respect to trials of endoluminal grafts. One of 
these follows the line that endoluminal repairs 
should be offered only to patients who are not 
medically fit to undergo conventional open repair; 
the other says that they should also be available for 
medically fit patients, under strict investigational 
protocols, so that a true comparison with conven- 
tional open repair becomes available, including the 
long-term effects on the morphology of AAA and 
the more immediate factors presented herein. Our 
policy has been to offer the technique to both 
groups. 
The study involves a comparison of retrospective 
and prospective data and therefore suffers from bias 
in selection and measurement. 29 Bias is also apparent 
in two major aspects: (1) the retrospective analysis of 
data for group 1 may have underestimated the 
incidence of complications for open repair, and (2) 
the length of stay in group 2 was influenced by the 
fact that the patients were often kept in the hospital 
for extra days to observe for known and unknown 
complications after a new procedure and to allow 
complete follow-up imaging to be obtained, rather 
than strictly for medical indications. The other 
obvious ource of bias arises from the comparison of 
a new investigational technique that involves a range 
of early prototypc devices with an established surgical 
technique with well-documented risks and benefits. 
Nevertheless, and in spite of small sample sizes, in 
this early experience with the endoluminal technique 
patients who were medically suitable for open 
operation did not have significant differences in 
outcome with respect o duration of operation, 
length of hospital stay, or perioperative morbidity 
and mortality. 
In spite of the patients' mean age of 69 years, the 
mortality rates in both groups (endoluminal 0%, 
open 3.7%) compare favorably with those reported 
recently for elective aneurysm repair, 3° consistent 
with the selection of patients deemed to be fit for 
operation. The significant reduction i  intensive care 
unit stay for the endoluminal group is impressive and 
would appear to support the notion that endoluminal 
repair is less invasive and less stressful to the patient. 
Further analysis of the hemodynamic and other 
physiologic effects is underway in a prospective 
study. 
Blood loss was significantly less for the endolu- 
minal group (mean 873 ml vs 1422 ml, median 700 
ml vs 1200 ml;p < 0.05), especially for most of the 
patients who had successful transfemoral endolumi- 
nal graft placement, inwhom the mean loss was only 
410 ml. In these cases bleeding occurs only by leakage 
from the sheath and hemostatic valve, particularly 
during exchange of various items of equipment 
(guidewires, angiography catheters, sheaths, and 
graft devices). The prototype hemostatic valve system 
used for most of these cases was less than ideal and is 
being modified to reduce blood leakage. An obliga- 
tory loss also occurs when the femoral artery is 
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Table IX. Outcome of abdominal aortic aneurysm repair in each group 
Group 1 (n = 27) Group 2 (n = 28) p* 
Hospital stay (mean in days) 
Blood loss (mean in ml) 
Duration of operation (mean in hr) 
Duration ICU admission (mean in days) 
Local/vascular complications (%) 
Systemic/remote complications (%) 
Deaths < 30 days (%) 
Deaths late (%) 
12.4 11.1 NS 
1422 873 < 0.05 
2.58 3.1 NS 
2.8 0.7 <0.05 
4 (15) 7 (25) NS 
10 (37) 8 (29) NS 
1 (3.7) 0 NS 
0 3 (11) NS 
ICU, Intensive care unit; NS, not significant. 
*Unpaired t test. 
Table X. Comparison of outcome of abdominal aomc aneurysm repair in each group 
Group 1 (n = 27) Group 2 (n = 28) p* 
Hospital stay (median in days) 22 9 0.058 
Blood loss (median in ml) 1200 700 < 0.05 
Duration of operation (median in hr) 2.5 3.0 0.069 
Duration ICU admission (days) 1.5 0.5 < 0.05 
ICU, Intensive care unit. 
*Mann-Whimey test. 
flushed at the completion of the case to avoid 
embolization of any thrombus or debris that may 
have accumulated during the procedure. Additional 
bleeding from traumatized iliac arteries in two cases 
contributed to the overall mean blood loss of 850 ml. 
We are aware that blood loss during operations 
done by retroperitoneal access to the iliac artery has 
an additional obligatory component; his is lost (1) in 
tilling the conduit graft, (2) during the flushing that 
is done to check that kinking or compression of the 
endoluminal graft has not occurred, and (3) from the 
additional anastomoses of the subsequent iliac or 
femoral crossover graft. The additional invasiveness 
and complexity of the iliac approach means that we 
reserve it for patients at high risk whose access vessels 
are unsuitable by objective criteria for the current 
access sheaths or for patients with lilac aneurysms 
associated with AAA. This problem may be over- 
come as narrower, more flexible access heaths and 
improved techniques become available. 
Duration of operation was similar for thc two 
groups. Endoluminal repair requires careful and 
precise image-intensifier fluoroscopic monitoring 
with frequent checks of positioning of the device. 
This aspect, together with unfamiliarity with some of 
the techniques, tends to protract early cases, and we 
believe that the duration of these procedures will 
decrease significantly with experience and with im- 
proved devices. 
Five of 28 patients in the endoluminal group had 
complications requiring early operative repair (n = 
3) or late revision (n = 2). All of these were as- 
sociated with potentially correctable t chnical factors. 
Thin, flexible access and delivery sheaths with smaller 
external diameters are required to reduce the inci- 
dence of iliac artery trauma during the procedure. 
Improved imaging systems are required in the 
operating department to reduce the chance of mis- 
placing the endoluminal graft or of failing to detect 
leak of contrast medium from the distal or proximal 
ends of the graft denoting incomplete xclusion of 
the aneurysm sac, which would be best managed in 
many cases by insertion of a second overlapping 
endograft. 
The analysis of outcome in this study was in terms 
of clinical factors only; no attempt was made to 
compare cost effectiveness or quality of life after 
aneurysm repair. Assessment of quality of life after 
major surgical procedures is assuming increased 
importance21-33 Hemodynamic factors were also not 
compared, because these were not readily available 
for the open repair historic control group. Current 
studies in our department and elsewhere support he 
notion that endoluminal grafting involves less dis- 
turbance of hemodynamics (because no cross- 
clamping of the aorta is done, and any interval of 
balloon occlusion of the lumen is quite brief) and 
invokes less of a stress response) 4 
Although patients undergoing endoluminal re- 
pair have not been shown to have derived any benefit 
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apart from reduced blood loss and reduced intensive 
care unit use, this study establishes that the outcome 
of endoluminal technique with these early prototype 
devices is not worse than conventional open repair 
with respect to operative time, hospital stay, and 
complications in the groups selected. With improve- 
ments in technique and devices, it seems very likely 
that results can be improved. A randomized study is 
therefore justified, but this would be most sensibly 
done after the devices and techniques are further 
developed and refined. 
As with laparoscopic holecystectomy, it seems 
inevitable that a strong patient demand for the less 
invasive alternative will be seen. Careful, structured 
evaluation and monitoring are necessary to docu- 
ment the safety, efficacy, and long-term results of 
these devices in various settings before they are 
available for widespread clinical use. 35 Ultimately, 
prospective randomized studies with follow-up for at 
least 5 years will be required to determine the role of 
endoluminal grafting of aortic aneurysms in the 
patient who is fit for conventional open repair. 
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DISCUSSION 
Dr. Frank J. Veith (Bronx, N.Y.). This article by Drs. 
White, May, and colleagues i important because it is the 
first investigation to look objectively at the comparative 
performance of endovascnlar g afts. Although endovascu- 
lar grafts have attracted a great deal of interest, we will not 
really know whether all this excitement is justified until 
studies uch as this one prove the relative benefits of these 
devices in various circtnnstances. 
The authors are to be congratulated for showing 
that early morbidity, mortality, and length of stay are 
similar when roughly comparable aortic aneurysms in 
roughly comparable patients have endovascular o standard 
treatment. 
However, this study is not conclusive. We are just at the 
beginning of the endovascular learning curve. Devices, 
selection criteria, and skills will improve so that equal 
performance at this early stage of the game is a favorable 
prognostic sign for the ultimate benefits of endovascular 
grafts. On the other hand, the Sydney group is very good 
at what they do, and their endovascular results may be 
better than those of an average group of vascular interven- 
tionalists. Moreover, this report evaluates only early results; 
late follow-up of these patients is not evaluated. Clearly, if 
endovascular g afts do not eliminate the risk of aneurysm 
rupture, then these new techniques will not replace 
standard aneurysm operations. Do the authors have an 
opinion about mid and late durability of their endovascnlar 
repairs? 
In addition, many of the authors' patients required 
major adjunctive open surgical procedures. This has also 
been our experience, and therefore we firmly believe that 
these aneurysm procedures hould be carried out in the 
operating room. How do the authors react o suggestions 
that endovascular neurysm repairs hould be performed in 
angiography suites because of the potential for improved 
imaging? 
Finally, did the authors separate out the data on 
technically simple aneurysms treated with the EVT device 
and more complicated aortoiliac aneurysms? My guess 
would be that easier aneurysms might be the first to show 
comparative performance advantages with decreased 
length of stay and morbidity. Comparisons ofendovascular 
and standard therapy will become increasingly important in 
evaluating the proper ole ofendovascular grafts for various 
vascular lesions. I commend the authors for starting us in 
the right direction, but more studies will be needed before 
we will really know just how important endovascular g afts 
will be to the practice of vascular surgery. 
Thank you. 
Dr. Geoffrey H. White (Sydney, Australia). I would 
first like to reiterate and agree with some of the comments 
that you have made. I would like to point out that this study 
included avariety of devices and a variety of techniques. It
was selected from our initial cases, and as Dr. Veith said, 
only reports our early results, although I would also direct 
your attention to our poster presentation, which deals with 
some of the long-term follow-up. 
Dr. Veith asked what information we have with regard 
to middle and late durability. And I would only say, 
without trying to take it away from the poster, that so 
far the results have been very good. We have had no 
incidence of recurrent aneurysm, no incidence of device 
shift, no incidence of infection, and in follow-up to date 
of more than up to 2]/2 years, no significant late com- 
plications. 
Dr. Veith also asked about the advisability of taking 
these procedures out of the operating room. He is well 
aware that our protocol is to do all of these cases in the 
operating room, and I think the idea that they should be 
moved elsewhere because the imaging is better eally goes 
against the true solution, and that is to improve the 
imaging in the operating room. We have had 5 cases in this 
series, 5 out of 28 patients, who needed early surgical 
intervention. In two of those cases, without immediate 
surgical intervention, mortality most likely would have 
occurred. I think it is likely that with improved evices and 
smaller devices it may be possible to select out a subgroup 
of patients with very early aneurysms and very large iliac 
arteries who could perhaps be safely operated in the 
radiologic suite, but we certainly have not reached that 
stage as yet. 
The other question was about the separate analysis of 
the easy cases, and in fact in the article we have done this. 
If you analyze transfemoral repair with tube graft, the 
length of stay and the complications, are decreased. 
Dr. Norman R. Hertzer (Cleveland, Ohio). I noticed 
your length of stay was approximately 11 days for both 
patient groups. Does this reflect he approach of a national 
health service, or were there patients in the stented graft 
group who could have gone home earlier? 
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Second, how many patients did you have who required 
the extraperitoneal pproach and a subsequent iliofem- 
femoral bypass? And what is your opinion on how much is 
gained by pursuing a stented graft approach in such 
patients, since the aneurysm itself can be traditionally 
resected through an extraperitoneal incision with what I 
would not guess to be a much higher complication rate? 
Dr. White. With respect to length of stay, we pointed 
out in the article that we believe that the length of stay is 
a little bit biased in the fact that since these were selected 
from our early cases and since many patients were referred 
from centers at a distance from our own center, there was 
a tendency to keep these patients in the hospital for longer 
than was medically required. This is partly because our 
system is a national health system and partly because we 
were not sure what the known and unknown possible 
complications of these procedures were going to be. 
We also have a protocol that requires that all patients 
have contrast-enhanced computed tomography scan, dn- 
plex scanning, and in many cases postoperative arteriogra- 
phy before discharge from the hospital. And patients who 
are discharged from the hospital go home; they do not go 
to a secondary care center. So we think that has biased 
the data a little. The median length of stay was 9 days 
compared with 12 days from the day before operation in 
the open group. 
With respect to extraperitoneal approach, this was done 
in 5 of the 28 cases. We agree that extraperitoneal repair of 
the aneurysm can also be done, but for endoluminal repair 
the approach to the iliac artery is quite a limited approach, 
much as you would use for, say, kidney transplant, and we 
believe this probably has a less stressful effect on the patient 
than does the full retroperitoneal exposure and clamping of 
the aorta. Nevertheless this is a longer operative procedure 
and a more complex procedure, and we prefer to reserve 
this technique for the patient at extremely high risk at this 
stage. 
ON THe MOVe?  
Don' t  miss  a s ingle issue of the journal!  To ensure  prompt  service when you 'change your  address ,  
p lease photocopy  and  complete  the fo rm below. 
Please send your change of address notification at least six weeks before your move to ensure continued service. 
We regret we cannot guarantee replacement ofissues missed ue to late notification. 
JOURNAL TITLE: 
Fill in the title of the journal here. 
OLD ADDRESS: 
Affix the address label from a recent issue of the journal here. 
NEW ADDRESS: 
Clearly print your new address here. 
Name 
Address 
City/State/ZIP 
COPY AND MAIL THIS FORM TO: 
Journal  Subscr ipt ion Services 
Mosby-Year  Book, Inc. 
11830 Westl ine Industr ia l  Dr. 
St. Louis, MO 63146-3318 
OR FAX TO: 
314-432-1158 
Mosby 
OR PHONE: 
1-800-453-4351 
Outs idetheU.S . , ca l l  
314-453-4351 
